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Abstract
The proof of the fact that there are no nontrivial, consistent cross-
couplings that can be added between the Weyl graviton and the mass-
less Rarita-Schwinger field is accomplished by means of a cohomolog-
ical approach, based on the deformation of the solution to the master
equation from the antifield-Becchi-Rouet-Stora-Tyutin (BRST) for-
malism. The procedure developed here relies on the assumptions of
locality, smoothness, (background) Lorentz invariance, Poincare´ in-
variance, and preservation of the number of derivatives with respect
to each field (the last hypothesis was made only in antighost number
zero).
PACS number: 11.10.Ef
1 Introduction
A key point in the development of local gauge field theory is represented,
without any doubt, by the discovery of the Becchi-Rouet-Stora-Tyutin (BRST)
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symmetry [1, 2] and, in this context, by the cohomological reformulation
of the antifield-BRST symmetry [3, 4, 5, 6, 7], which allowed the powerful
algebraic methods to tackle many issues, like renormalization and anoma-
lies [8, 9, 10, 11, 12, 13, 14, 15, 16, 17]. The applications of the cohomological
reformulation of the BRST approach cover a broad spectrum, including the
reformulation of the problem of consistent interactions among gauge fields
as a cohomological problem of deforming the solution to the master equa-
tion [18]. The main aim of this paper is to analyze the construction of consis-
tent interactions that can be introduced between the linearized limit of Weyl
gravity and the massless Rarita-Schwinger field from the BRST standpoint.
Such an analysis is motivated on the one hand by the remarkable properties
of conformal gravity and supergravity [19], as well as by the renewed interest
in Weyl gravity [20] in connection with the ADS/CFT correspondence, and,
on the other hand, by some supergravity models [21, 22, 23, 24], where the
gravitino represents the supersymmetric partner of the graviton.
Our procedure is based on solving the equations that describe the defor-
mation of the solution to the master equation by means of specific cohomo-
logical techniques. More precisely, we start from a free model describing the
sum between the linearized limit of Weyl gravity and the massless Rarita-
Schwinger action, and construct its antibracket-antifield BRST symmetry
s, which splits as s = δ + γ, where δ is the Koszul-Tate differential and γ
represents the exterior longitudinal derivative. Next, we briefly review the
basic equations of the antibracket-antifield deformation procedure, and then
pass to solving the equation that describes the first-order deformation of the
solution to the master equation. The local form of this equation shows that
the nonintegrated density of the first-order deformation of the solution to
the master equation belongs to the local BRST cohomology in ghost number
zero H0(s|d). The core of the paper is then dedicated to the computation
of H0(s|d). Based on this computation, we prove, under the assumptions
of locality, smoothness, (background) Lorentz invariance, Poincare´ invari-
ance, and preservation of the number of derivatives with respect to each field
(the last hypothesis was made only in antighost number zero), that there
are no nontrivial, consistent cross-couplings that can be added between the
Weyl graviton and the massless Rarita-Schwinger field. Consequently, the
only interactions that can be added to the Lagrangian action are given by
the self-interactions of the Weyl graviton, studied in detail in [25] from a
cohomological perspective, since the massless Rarita-Schwinger field allows
no consistent self-interactions, as it has been proved in [26] also on a coho-
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mological basis. Our result is in agreement with the fact that it is not the
Rarita-Schwinger field which appears in conformal supergravity, but a spin
3
2
field, described in the free limit by the action [19]
S
3
2
0 [ψµ] ∝
∫
d4x
(
εµνρλφ¯ργ5γλ∂µφν
)
,
where
φµ =
1
3
γσ
[
i (∂σψµ − ∂µψσ) +
1
2
γ5εσµαβ∂
αψβ
]
,
so it contains three derivatives instead of only one present in the Rarita-
Schwinger theory.
2 Free model: Lagrangian formulation and
BRST symmetry
Our starting point is represented by a free Lagrangian action written as the
sum between the linearized Weyl gravity action [25] and the massless Rarita-
Schwinger action [27]
SL0 [hµν , ψµ] =
1
2
∫
d4x
(
−εµνρλψ¯µγ5γν∂ρψλ +WµναβW
µναβ
)
, (1)
where Wµναβ is the linearized Weyl tensor in four spacetime dimensions,
given in terms of the linearized Riemann tensor Rµναβ and of its traces by
Wµναβ = Rµναβ −
1
2
(
σµ[αRβ]ν − σν[αRβ]µ
)
+ 1
6
Rσµ[ασβ]ν . (2)
Throughout the paper we work with the flat metric of ‘mostly minus’ signa-
ture σµν = (+−−−). The notation [µ . . . ν] signifies full antisymmetry with
respect to the indices between brackets without normalization factors (i.e.
the independent terms appear only once and are not multiplied by overall
numerical factors). The linearized Riemann tensor is expressed by
Rµναβ =
1
2
(∂µ∂βhνα + ∂ν∂αhµβ − ∂ν∂βhµα − ∂µ∂αhνβ)
≡ 1
2
∂[µhν][α,β], (3)
while its simple and respectively double traces read as
Rµν = σ
αβRµανβ , R = σ
µνRµν . (4)
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The linearized Weyl tensor can be expressed in terms of the symmetric tensor
Kµν like
Wµναβ = Rµναβ −
(
σµ[αKβ]ν − σν[αKβ]µ
)
, (5)
where
Kµν =
1
2
(
Rµν −
1
6
σµνR
)
. (6)
The spinor-vector ψµ has (Majorana) real components and the γ-matrices
are in the Majorana representation
γ∗µ = −γµ, γ
T
µ = −γ0γµγ0,
(
µ = 0, 3
)
, (7)
where ∗ and T in (7) signifies the operations of complex conjugation and
respectively of transposition. The theory described by (1) possesses an irre-
ducible and abelian generating set of gauge transformations
δǫ,θhµν = ∂(µǫν) + 2σµνǫ, δǫ,θψµ = ∂µθ, (8)
where the gauge parameters ǫµ and ǫ are bosonic and θ is a fermionic spinor
with real components. The scalar gauge parameter ǫ is responsible for the
so-called conformal invariance of Weyl theory. The notation (µν) signifies
symmetry with respect to the indices between parentheses without the factor
1/2.
In order to construct the BRST symmetry for the model under study
we introduce the ghosts ηµ, ξ and C respectively associated with the gauge
parameters ǫµ, ǫ and θ. The ghosts ηµ and ξ are fermionic, while C is a
real, bosonic spinor. The antifield spectrum is organized into the antifields
{h∗µν , ψ∗µ} of the original fields {hµν , ψµ} together with those of the ghosts
{η∗µ, ξ∗, C∗}, of statistics opposite to that of the associated fields/ghosts.
The antifields ψ∗µ are spinor-vectors with real components and C∗ is a purely
imaginary spinor.
Since the gauge generators of the free theory are field independent, it
follows that the BRST differential simply reduces to
s = δ + γ, (9)
where δ represents the Koszul-Tate differential, graded by the antighost num-
ber agh (agh(δ) = −1), and γ stands for the exterior derivative along the
gauge orbits, whose degree is named pure ghost number pgh (pgh(γ) = 1).
These two degrees do not interfere (pgh(δ) = 0, agh(γ) = 0). The overall de-
gree that grades the BRST complex is known as the ghost number gh and is
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defined like the difference between the pure ghost number and the antighost
number, such that gh(s) = gh(δ) = gh(γ) = 1. If we denote by
Φα0 = (hµν , ψµ) , η
α1 = (ηµ, ξ, C) (10)
the fields and ghosts of the free theory and by
Φ∗α0 = (h
∗µν , ψ∗µ) , η∗α1 = (η
∗µ, ξ∗, C∗) (11)
the corresponding antifields, then, according to the standard rules of the
BRST formalism, the corresponding degrees of the generators from the BRST
complex are valued like
agh (Φα0) = 0, agh (ηα1) = 0, (12)
agh
(
Φ∗α0
)
= 1, agh
(
η∗α1
)
= 2, (13)
pgh (Φα0) = 0, pgh (ηα1) = 1, (14)
pgh
(
Φ∗α0
)
= 0, pgh
(
η∗α1
)
= 0. (15)
The actions of the differentials δ and γ on the generators (10)–(11) from the
BRST complex are given by
δh∗µν = 2∂α∂βW
µανβ , δψ∗µ = −εµνρλ∂νψ¯ργ5γλ, (16)
δη∗µ = −2∂νh
∗µν , δξ∗ = 2h∗, δC∗ = ∂µψ
∗µ, (17)
δΦα0 = 0, δηα1 = 0, (18)
γΦ∗α0 = 0, γη
∗
α1
= 0, (19)
γhµν = ∂(µην) + 2σµνξ, γψµ = ∂µC, (20)
γηµ = γξ = 0, γC = 0. (21)
The notation h∗ signifies the trace of h∗µν , h∗ = σµνh
∗µν . The BRST differ-
ential is known to have a canonical action in a structure named antibracket
and denoted by the symbol (, ) (s· = (·, S¯)), which is obtained by decreeing
the fields and ghosts respectively conjugated to the corresponding antifields.
The generator of the BRST symmetry is a bosonic functional, of ghost num-
ber zero, which is solution to the classical master equation
(
S¯, S¯
)
= 0. In
our case the solution to the master equation reads as
S¯ = SL0 [hµν , ψµ] +
∫
d4x
[
h∗µν
(
∂(µην) + 2σµνξ
)
+ ψ∗µ∂µC
]
. (22)
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3 Deformation of the master equation: a brief
review
We begin with a “free” gauge theory, described by a Lagrangian action
SL0 [Φ
α0 ], invariant under some gauge transformations
δǫΦ
α0 = Zα0α1ǫ
α1 ,
δSL0
δΦα0
Zα0α1 = 0, (23)
and consider the problem of constructing consistent interactions among the
fields Φα0 such that the couplings preserve the field spectrum and the original
number of gauge symmetries. This matter is addressed by means of reformu-
lating the problem of constructing consistent interactions as a deformation
problem of the solution to the master equation corresponding to the “free”
theory [18]. Such a reformulation is possible due to the fact that the solution
to the master equation contains all the information on the gauge structure
of the theory. If an interacting gauge theory can be consistently constructed,
then the solution S¯ to the master equation associated with the “free” theory,(
S¯, S¯
)
= 0, can be deformed into a solution S
S¯ → S = S¯ + gS1 + g
2S2 + · · ·
= S¯ + g
∫
dDx a+ g2
∫
dDx b+ · · · (24)
of the master equation for the deformed theory
(S, S) = 0, (25)
such that both the ghost and antifield spectra of the initial theory are pre-
served. The equation (25) splits, according to the various orders in the
coupling constant (deformation parameter) g, into(
S¯, S¯
)
= 0, (26)
2
(
S1, S¯
)
= 0, (27)
2
(
S2, S¯
)
+ (S1, S1) = 0, (28)(
S3, S¯
)
+ (S1, S2) = 0, (29)
...
The equation (26) is fulfilled by hypothesis. The next one requires that
the first-order deformation of the solution to the master equation, S1, is a
6
co-cycle of the “free” BRST differential s· = (·, S¯). However, only coho-
mologically nontrivial solutions to (27) should be taken into account, as the
BRST-exact ones can be eliminated by some (in general nonlinear) field redef-
initions. This means that S1 pertains to the ghost number zero cohomological
space of s, H0(s), which is generically nonempty due to its isomorphism to
the space of physical observables of the “free” theory. It has been shown
(on behalf of the triviality of the antibracket map in the cohomology of the
BRST differential) that there are no obstructions in finding solutions to the
remaining equations ((28)–(29), etc.). However, the resulting interactions
may be nonlocal, and there might even appear obstructions if one insists on
their locality. The analysis of these obstructions can be done with the help
of cohomological techniques.
4 Consistent interactions between the Weyl
graviton and the massless Rarita-Schwinger
field
4.1 Standard material: H(γ) and H(δ|d)
The aim of this paper is the investigation of the effective couplings that can
be introduced between the Weyl graviton and the massless Rarita-Schwinger
field. This matter is addressed in the context of the antifield-BRST deforma-
tion procedure described in the above and relies on computing the solutions
to the equations (27)–(29), etc., with the help of the BRST cohomology. For
obvious reasons, we consider only smooth, local, (background) Lorentz in-
variant and, moreover, Poincare´ invariant quantities (i.e. we do not allow
explicit dependence on the spacetime coordinates). If we make the notation
S1 =
∫
d4x a, with a a local function, then the equation (27), which we have
seen that controls the first-order deformation, takes the local form
sa = ∂µm
µ, gh(a) = 0, ε(a) = 0, (30)
for some local mµ and it shows that the nonintegrated density of the first-
order deformation pertains to the local cohomology of s in ghost number
zero, a ∈ H0(s|d), where d denotes the exterior spacetime differential. The
7
solution to the equation (30) is unique up to s-exact pieces plus divergences
a → a+ sb+ ∂µn
µ, (31)
gh(b) = −1, ε(b) = 1, gh (nµ) = 0, ε (nµ) = 0.
At the same time, if the general solution of (30) is found to be completely
trivial, a = sb+ ∂µn
µ, then it can be made to vanish a = 0.
In order to analyze the equation (30), we develop a according to the
antighost number
a =
I∑
i=0
ai, agh(ai) = i, gh(ai) = 0, ε(ai) = 0, (32)
and assume, without loss of generality, that the decomposition (32) stops at
some finite value of I. This can be shown, for instance, like in [28] (Sec-
tion 3), under the sole assumption that the interacting Lagrangian at the
first order in the coupling constant, a0, has a finite, but otherwise arbitrary
derivative order. Replacing the decomposition (32) into the equation (30)
and projecting it on various values of the antighost number, we obtain the
tower of equations
γaI = ∂µ
(I)
m
µ
, (33)
δaI + γaI−1 = ∂µ
(I−1)
m
µ
, (34)
δai + γai−1 = ∂µ
(i−1)
m
µ
, (1 ≤ i ≤ I − 1), (35)
where
(
(i)
m
µ
)
i=0,I
are some local currents with agh
(
(i)
m
µ
)
= i. It can be
proved that the equation (33) can be replaced in strictly positive antighost
numbers by
γaI = 0, I > 0. (36)
The proof of this result is standard material and can be found for instance
in [25, 26, 28, 29, 30, 31]. Due to the second-order nilpotency of γ (γ2 = 0),
the solution to the equation (36) is clearly unique up to γ-exact contributions
aI → aI + γbI , (37)
agh(bI) = I, pgh(bI) = I − 1, ε(bI) = 1.
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Meanwhile, if it turns out that aI reduces to γ-exact terms only, aI = γbI ,
then it can be made to vanish, aI = 0. In other words, the nontriviality of
the first-order deformation a is translated at its highest antighost number
component into the requirement that aI ∈ H
I(γ), where HI(γ) denotes the
cohomology of the exterior longitudinal derivative γ in pure ghost number
equal to I. So, in order to solve the equation (30) (equivalent with (36) and
(34)–(35)), we need to compute the cohomology of γ, H(γ), and, as it will
be made clear below, also the local cohomology of δ, H(δ|d).
In order to determine the cohomology H(γ), we split the differential γ
into two pieces
γ = γW + γRS, (38)
where γW acts nontrivially only on the fields/ghosts from the Weyl sector,
while γRS does the same thing, but with respect to the Rarita-Schwinger sec-
tor. From the above splitting it follows that the nilpotency of γ is equivalent
to the nilpotency and anticommutation of its components
(γW )
2 = 0 = (γRS)
2 , γWγRS + γRSγW = 0, (39)
so finally we find the isomorphism
H(γ) = H(γW )⊗H(γRS). (40)
Using the results from the literature concerning the cohomologies H(γW ) and
H(γRS) [25, 26] we can state that H(γ) is generated on the one hand by Φ
∗
α0
,
η∗α1 , ∂[µψν] and Wµναβ as well as by their spacetime derivatives and, on the
other hand, by the ghosts C, ηµ, ∂[µην], ξ and ∂µξ. So, the most general (and
nontrivial), local solution to (36) can be written, up to γ-exact contributions,
as
aI = αI
([
∂[µψν]
]
, [Wµναβ ] ,
[
Φ∗α0
]
,
[
η∗α1
])
ωI
(
C, ηµ, ∂[µην], ξ, ∂µξ
)
, (41)
where the notation f([q]) means that f depends on q and its derivatives
up to a finite order, while ωI denotes the elements of a basis in the space
of polynomials with pure ghost number I in the corresponding ghosts and
some of their first-order derivatives. The objects αI (obviously nontrivial in
H0(γ)) were taken to have a bounded number of derivatives, and therefore
they are polynomials in the antifields Φ∗α0 and η
∗
α1
, in the linearized Weyl
tensor Wµναβ , in the objects ∂[µψν], as well as in their derivatives. They are
required to fulfill the property agh(αI) = I in order to ensure that the ghost
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number of aI is equal to zero. Due to their γ-closeness, γαI = 0, αI will
be called “invariant polynomials”. In zero antighost number, the invariant
polynomials are polynomials in the linearized Weyl tensor Wµναβ , in the
objects ∂[µψν], and also in their derivatives.
Substituting (41) in (34) we obtain that a necessary (but not sufficient)
condition for the existence of (nontrivial) solutions aI−1 is that the invariant
polynomials αI are (nontrivial) objects from the local cohomology of Koszul-
Tate differential H(δ|d) in antighost number I > 0 and pure ghost number
zero,
δαI = ∂µ
(I−1)
j
µ
, (42)
agh
(
(I−1)
j
µ)
= I − 1, pgh
(
(I−1)
j
µ)
= 0.
We recall that the local cohomology H(δ|d) is completely trivial in both
strictly positive antighost and pure ghost numbers (for instance, see [32, 33],
Theorem 5.4 and [34]). Using the fact that the Cauchy order of the free theory
under study is equal to two together with the general results from [32, 33],
according to which the local cohomology of the Koszul-Tate differential in
pure ghost number zero is trivial in antighost numbers strictly greater than
its Cauchy order, we can state that
HJ(δ|d) = 0 for all J > 2, (43)
where HJ(δ|d) denotes the local cohomology of the Koszul-Tate differential
in antighost number J and in zero pure ghost number. It is quite reasonable
to assume that if the invariant polynomial αJ , with agh(αJ) = J ≥ 2, is
trivial in HJ(δ|d), then it can be taken to be trivial also in H
inv
J (δ|d)(
αJ = δbJ+1 + ∂µ
(J)
c
µ
, agh (αJ) = J ≥ 2
)
⇒
(
αJ = δβJ+1 + ∂µ
(J)
γ
µ)
,
(44)
with both βJ+1 and
(J)
γ
µ
invariant polynomials. Here, H invJ (δ|d) denotes the
invariant characteristic cohomology in antighost number J (the local co-
homology of the Koszul-Tate differential in the space of invariant polyno-
mials). This assumption is based on what happens in many gauge theo-
ries [25, 26, 28, 29, 30, 31, 35]. The results (43)–(44) yield the conclusion
that
H invJ (δ|d) = 0, for all J > 2. (45)
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With the help of the definitions (16)–(18) we observe that both H2(δ|d) in
pure ghost number zero and H inv2 (δ|d) are spanned only by the undifferenti-
ated antifields
H2(δ|d) and H
inv
2 (δ|d) : (C
∗, η∗µ) . (46)
In contrast to the groups (HJ(δ|d))J≥2 and
(
H invJ (δ|d)
)
J≥2
, which are finite-
dimensional, the cohomology H1(δ|d) in pure ghost number zero, that is
related to global symmetries and ordinary conservation laws, is infinite-
dimensional since the theory is free. Fortunately, it will not be needed in
the sequel.
The previous results onH(δ|d) and H inv(δ|d) in strictly positive antighost
numbers are important because they control the obstructions to removing the
antifields from the first-order deformation. This statement is also standard
material and can be done like in [25, 26, 28, 29, 30, 31, 35]. Its proof is mainly
based on the formulas (43)–(45) and relies on the fact that we can successively
eliminate all the pieces of antighost number strictly greater than two from
the nonintegrated density of the first-order deformation by adding only trivial
terms, so we can take, without loss of nontrivial objects, the condition I ≤ 2
in the decomposition (32). In addition, the last representative is of the form
(41), where the invariant polynomial is necessarily a nontrivial object from
H inv2 (δ|d) for I = 2, respectively from H1(δ|d) for I = 1.
4.2 Case I = 2
In the case I = 2 the nonintegrated density of the first-order deformation
(32) becomes
a = a0 + a1 + a2. (47)
We can further decompose a in a natural manner as
a = a(W ) + a(RS) + a(int), (48)
where a(W ) contains only fields/ghosts/antifields from the Weyl sector, a(RS)
is strictly related to the Rarita-Schwinger theory and a(int) describes the cross-
interactions between the two theories, so it effectively mixes both sectors.
Each of the three components satisfies an individual equation of the type
(30) and admits a decomposition similar to (47)
ak = a
(W )
k + a
(RS)
k + a
(int)
k , (k = 0, 1, 2), (49)
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so each type of deformation is subject to a set of equations of the form
(36) and (34)–(35) for I = 2. We are interested only in the term a
(int)
k
since the others merely describe the self-interactions of Weyl and respectively
of massless Rarita-Schwinger theory, which have already been studied in
the literature. The self-interactions of Weyl theory are known to describe
the Weyl gravity action [25], while the Rarita-Schwinger model leads to no
consistent self-interactions [26]. Using the formula (41) for pure ghost number
two and the result (46), we deduce that the most general, nontrivial element
a
(int)
2 (as solution to the equation γa
(int)
2 = 0) is
a
(int)
2 = k1η
∗µC¯γµC + k2∂[µην]C
∗γ[µγν]C + k3ηµC
∗γµC
+k4 (∂µξ)C
∗γµC + k5ξC
∗C, (50)
with (ka)a=1,5 some arbitrary complex constants (k2 and k5 are real numbers
and the others are purely imaginary). On behalf of the definitions (16)–(21),
from (50) we get
δa
(int)
2 = ∂µj
µ
1 + γb1
−1
2
k3∂[µην]ψ
∗µγνC + k3ξψ
∗µγµC
−∂νξ
(
4k2ψ
∗
µγ
[µγν]C + k5ψ
∗νC
)
, (51)
where
jµ1 = −2k1h
∗µνC¯γνC + k2∂[αηβ]ψ
∗µγ[αγβ]C
+ (k4 (∂αξ) + k3ηα)ψ
∗µγαC + k5ξψ
∗µC, (52)
b1 = 4k1h
∗µνC¯γµψν − k2∂[µην]ψ
∗
ργ
[µγν]ψρ
− [k3ηµ + k4 (∂µξ)]ψ
∗
ργ
µψρ
−k5ξψ
∗
ρψ
ρ +
(
k4Kµν −
1
2
k3hµν
)
ψ∗µγνC
−k2∂[µhν]ρψ
∗ργ[µγν]C. (53)
By means of the relation (51), we observe that the existence of a
(int)
1 as
solution to the equation δa
(int)
2 + γa
(int)
1 = ∂µ
(1)
m
(int)µ
requires that
k2 = k3 = k5 = 0. (54)
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Inserting (54) in (50) and (51), we have that the pieces of antighost number
two and one from a(int) respectively read as
a
(int)
2 = k1η
∗µC¯γµC + k4 (∂µξ)C
∗γµC, (55)
a
(int)
1 = −4k1h
∗µνC¯γµψν + k4
[
(∂µξ)ψ
∗
ργ
µψρ −Kµνψ
∗µγνC
]
. (56)
After some computation we find that
δa
(int)
1 = ∂µj
µ
0 + γb0 + c0, (57)
where
jµ0 = −8k1
(
∂βW
µανβ
)
ψ¯αγνC + k4ε
µνρλ
[
1
2
(∂αξ) ψ¯νγ5γργ
αψλ
+ξ
(
∂νψ¯ρ
)
γ5ψλ −Kναψ¯ργ5γλγ
αC
]
, (58)
b0 = −4k1
(
∂βW
µανβ
)
ψ¯µγνψα −
1
2
k4Kµαε
µνρλψ¯νγ5γργ
αψλ, (59)
c0 = 4k1
(
∂βW
µανβ
)
∂[µψ¯α]γνC
+k4ε
µνρλ
[
(∂µKνα) ψ¯ργ5γλγ
αC + ξ
(
∂µψ¯ν
)
γ5 (∂ρψλ)
]
. (60)
Combining (57) with (60), we observe that the existence of a
(int)
0 as solution
to the equation δa
(int)
1 + γa
(int)
0 = ∂µ
(0)
m
(int)µ
implies that c0 = 0, which is
equivalent to the vanishing of the remaining constants
k1 = k4 = 0. (61)
Replacing (61) in (55)–(56), we conclude there is no nontrivial first-order
cross-coupling that stops at antighost number two. It is remarkable to note
that the impossibility of consistent, nontrivial, first-order deformations that
end at antighost number two was obtained without imposing any restriction
on the derivative order of the interacting Lagrangian.
4.3 Case I = 1
The next step is to investigate whether there exist nontrivial, cross-coupling
first-order deformations that end at antighost number one (I = 1)
a(int) = a
(int)
0 + a
(int)
1 , (62)
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with a
(int)
1 from H
1(γ). According to (41), we deduce that the most general
form of a
(int)
1 that might provide effective cross-interactions is written like
a
(int)
1 = ψ
∗µ
(
M˜µν∂
νξ + M¯ αβµ ∂[αηβ] + Mˆµξ + Mˆµνη
ν
)
+ h∗µνC¯Mµν , (63)
where M˜µν , M¯
αβ
µ , Mˆµ, Mˆµν and Mµν are spinor-tensors depending on the
original fields, which are gauge-invariant, fermionic objects (each of them can
be generically written like M∆ = U
αβ
∆ ∂[αψβ], where U
αβ
∆ are bosonic matrices,
possibly involvingWµανβ). All the matrices appearing in (63) must be purely
imaginary. Direct calculations based on the definitions (16)–(21) lead to
δa
(int)
1 = ∂µm
µ
0 + γe0 + f0, (64)
where we made the notations
mµ0 = ε
µνρλψ¯νγ5γρ
(
M˜λα∂
αξ + M¯ αβλ ∂[αηβ] + Mˆλξ + Mˆλαη
α
)
+2
(
∂βW
µανβ
)
C¯Mαν +W
µανβC¯∂[νMβ]α
+εµνρλC¯γ5γν
(
−M˜ραK
α
λ + M¯
αβ
ρ ∂[αhβ]λ +
1
2
Mˆραh
α
λ
)
, (65)
e0 = ε
µνρλψ¯µγ5γν
(
−M˜ραK
α
λ + M¯
αβ
ρ ∂[αhβ]λ +
1
2
Mˆραh
α
λ
)
−2
(
∂βW
µανβ
)
ψ¯αMµν −W
µανβψ¯β∂[µMα]ν , (66)
f0 = −
1
2
εµνρλψ¯µγ5γν
[
∂[ρMˆλ]αη
α +
(
∂[ρM¯
αβ
λ] +
1
4
Mˆ
[α
[ρ δ
β]
λ]
)
∂[αηβ]
+
(
∂[ρMˆλ] + Mˆ[µν]
)
ξ +
(
−Mˆ[ρδ
α
λ] + ∂[ρM˜
α
λ] − 4M¯
α
[ρλ]
)
∂αξ
]
+C¯
[
εµνρλγ5γµ∂ν
(
−M˜ραK
α
λ + M¯
αβ
ρ ∂[αhβ]λ +
1
2
Mˆραh
α
λ
)
+1
2
Wµανβ∂[µMα][ν,β]
]
. (67)
If we look at (64), we observe that the existence of a
(int)
0 as solution to the
equation δa
(int)
1 + γa
(int)
0 = ∂µ
(0)
m
(int)µ
requires that
f0 = 0. (68)
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This observation leads to the following identities that must be satisfied by
the various fermionic spinor-tensors
∂[ρMˆλ]α = 0, (69)
∂[ρM¯
αβ
λ] +
1
4
Mˆ
[α
[ρ δ
β]
λ] = 0, (70)
∂[ρMˆλ] + Mˆ[µν] = 0, (71)
− Mˆ[ρδ
α
λ] + ∂[ρM˜
α
λ] − 4M¯
α
[ρλ] = 0, (72)
εµνρλγ5γµ∂ν
(
−M˜ραK
α
λ + M¯
αβ
ρ ∂[αhβ]λ +
1
2
Mˆραh
α
λ
)
+1
2
Wµανβ∂[µMα][ν,β] = 0. (73)
The solutions to the equations (69)–(72) can be expressed in terms of some
arbitrary, fermionic, spinor and gauge-invariant objects, like
Mˆµα = ∂µNˆα, (74)
Mˆα = −Nˆα + ∂αMˆ, (75)
M¯ αβµ = −
1
4
Nˆ [αδβ]µ + ∂µM¯
αβ , (76)
M˜µν = 4M¯µν + Mˆσµν + ∂µM˜α, (77)
where M¯µν is antisymmetric. Using the solutions (74)–(77) in (73), we then
find
1
2
Wµναβ
[
∂[µMν][α,β] + γ5γ
ρ∂λ
(
εµνρλM¯αβ + εαβρλM¯µν
)]
+1
2
εµνρλγ5γµ
(
4M¯να + ∂νM˜α
)
∂[ρK
α
λ] = 0. (78)
This last equality yields
∂[µMν][α,β] + γ5γ
ρ∂λ
(
εµνρλM¯αβ + εαβρλM¯µν
)
= 0, (79)
4M¯να + ∂νM˜α = 0. (80)
If we take the symmetric part of (80) and perform some simple computation,
we get
M˜α = 0, (81)
15
which then produces
M¯να = 0. (82)
Replacing the results (81)–(82) into (79), we obtain the equation
∂[µMν][α,β] = 0. (83)
Putting together the relations (74)–(77) and (81)–(83), we conclude that the
solutions to the equations (69)–(73) can be written like
Mˆµα = ∂µNˆα, (84)
Mˆα = −Nˆα + ∂αMˆ, (85)
M¯ αβµ = −
1
4
Nˆ [αδβ]µ , (86)
M˜µν = Mˆσµν , (87)
Mµν = ∂(µMν), (88)
in terms of some arbitrary, fermionic, spinor, gauge-invariant objects Nˆα, Mˆ
and Mν . Inserting the solutions (84)–(88) into (63), after some computation
we arrive at
a
(int)
1 = ∂µn
µ + sq + γr, (89)
where the following notations were employed
nµ = ψ∗µ
(
Mˆξ + Nˆνην
)
+ 2h∗µνC¯Mν , (90)
r = −1
2
ψ∗µNˆνhµν + 2h
∗µνψ¯µMν , (91)
q = −C∗
(
Mˆξ + Nˆνην
)
− 2η∗µC¯Mµ. (92)
As we have previously discussed, the solution to a
(int)
1 is unique on the one
hand up to γ-trivial contributions (since it represents the component of high-
est antighost number from the first-order deformation, as it can be seen from
the expansion (62)) and, on the other hand, up to s-exact modulo d terms
(since it belongs to the first-order deformation), so we can choose
a
(int)
1 = 0.
In conclusion, there are no nontrivial, cross-coupling first-order deformations
that end at antighost number one. It is important to note that the absence of
consistent, nontrivial first-order deformations that end at antighost number
one also emerged without imposing any restriction on the derivative order of
the interacting Lagrangian.
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4.4 Case I = 0
At this stage, we are left with a sole possibility, namely, that a(int) reduces
to its antighost number zero component (I = 0)
a(int) = a
(int)
0 , (93)
which is subject to the equation
γa
(int)
0 = ∂µ
(0)
m
(int)µ
, (94)
for some local
(0)
m
(int)µ
. There are two main types of solutions to (94). The
first type, to be denoted by a
′(int)
0 , corresponds to
(0)
m
(int)µ
= 0 and is given by
gauge-invariant, nonintegrated densities constructed from the original fields
and their spacetime derivatives, which, according to (41), are given by
a
′(int)
0 = a
′(int)
0
([
∂[µψν]
]
, [Wµναβ ]
)
, (95)
up to the condition that they effectively describe cross-couplings between
the two types of fields and cannot be written in a divergence-like form. At
this point we invoke the hypothesis on the preservation of the number of
derivatives on each field, which means here that the following two require-
ments are simultaneously satisfied: (i) the derivative order of the equations
of motion on each field is the same for the free and respectively for the in-
teracting theory; (ii) the maximum number of derivatives in the interaction
vertices is equal to four, i.e. the maximum number of derivatives from the
free lagrangian. This further yields the trivial solution
a
′(int)
0 = 0. (96)
If we however relax the derivative-order condition, we can find nonvanishing
solutions of the type (95)1. In conclusion, the condition on the number of
derivatives prevents the appearance of the solutions of the first type.
The second kind of solutions, to be denoted by a
′′(int)
0 , is associated with
(0)
m
(int)µ
6= 0 in (94)
γa
′′(int)
0 = ∂µ
(0)
m
(int)µ
. (97)
1An example of a possible solution of the form (95) is represented by the cubic vertex
a
(int)
0 =W
µναβ
(
∂[µψ¯ν]
)
γ5∂[αψβ].
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In order to solve the equation (97) we recall the requirement that a
′′(int)
0 may
contain at most four derivatives of the fields. Thus, it is useful to decompose
a
′′(int)
0 according to the number of derivatives into
a
′′(int)
0 = λ0 + λ1 + λ2 + λ3 + λ4, (98)
where (λi)i=0,4 contains i derivatives. Substituting (98) in (97), it follows
that the latter equation becomes equivalent to two independent equations,
one for each derivative order
γλ0 = ∂µp
µ, (99)
γλ1 = ∂µq
µ, (100)
γλk = ∂µl
µ
k , k = 2, 3, 4. (101)
As λ0 has no derivatives, we find that
γλ0 =
∂Rλ0
∂ψµ
∂µC +
∂λ0
∂hµν
(
∂(µην) + 2σµνξ
)
. (102)
The right-hand side of (102) can be written like in the right-hand side of (99)
if
∂µ
(
∂Rλ0
∂ψµ
)
= 0, ∂µ
(
∂λ0
∂hµν
)
= 0,
∂λ0
∂hµν
σµν = 0. (103)
It is easy to see that the only solution to the all of the above equations is
a (real) constant, which can always be taken to vanish. Let us analyze now
the equation (100). We denote the Euler-Lagrange derivatives of λ1 by
A¯αβ =
δλ1
δhαβ
, B¯µ =
δRλ1
δψµ
, (104)
and ask that (the symmetric tensor) A¯αβ contains at least two massless
Rarita-Schwinger fields and that B¯µ includes at least one Weyl graviton (in
order to enforce the existence of effective cross-couplings). At the same time,
A¯αβ and B¯µ are precisely of order one in the field derivatives, with both
A¯αβ and B¯µ real objects (the first is bosonic and the second fermionic), and,
moreover, B¯µ is a spinor-vector. Using the definitions (20), it follows that
the equation (100) further restricts A¯αβ and B¯µ to satisfy the equations
∂µB¯
µ = 0, (105)
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∂αA¯
αβ = 0, A¯αβσαβ = 0. (106)
The solutions to the above equations are
B¯µ = ∂νB¯
νµ, B¯µν = −B¯νµ, (107)
A¯αβ = ∂ρA¯
ραβ , A¯ραβ = −A¯αρβ , A¯ραβσαβ = 0, (108)
where the antisymmetric tensors B¯µν and A¯ραβ depend only on the original
undifferentiated fields. The tensors B¯µν and A¯ραβ have the same properties
(Grassmann parity, reality, spinor-like behavior) like B¯µ and respectively
A¯αβ. We insist on the fact that a solution of the type A¯µν = ∂α∂βD
µανβ ,
with Dµανβ possessing the symmetry properties of the Riemann tensor, is
not allowed in our case due to the hypothesis on the derivative order, and
hence (108) is the most general solution to the equations (106) in this case.
Let N be a derivation in the algebra of the fields and of their spacetime
derivatives, that counts the number of the fields and of their derivatives,
defined by
N =
∑
k≥0
[
∂R
∂ (∂µ1 · · ·∂µkψα)
(∂µ1 · · ·∂µkψα)
+ (∂µ1 · · ·∂µkhαβ)
∂
∂ (∂µ1 · · ·∂µkhαβ)
]
. (109)
Then, it is easy to see that for every nonintegrated density u we have that
Nu =
δRu
δψα
ψα +
δu
δhαβ
hαβ + ∂µs
µ, (110)
where δRu/δψα and δu/δhαβ denote the Euler-Lagrange derivatives of u with
respect to ψα and respectively to hαβ. If u
(l) is a homogeneous polynomial of
order l > 0 in the fields and their spacetime derivatives, then Nu(l) = lu(l).
Using (104), (107)–(108) and (110) we infer that
Nλ1 = −
1
2
(
B¯µν∂[µψν] + A¯
ραβ∂[ρhα]β
)
+ ∂µs¯
µ. (111)
Now, we expand λ1 like
λ1 =
∑
l>0
λ
(l)
1 , (112)
where Nλ
(l)
1 = lλ
(l)
1 , such that
Nλ1 =
∑
l>0
lλ
(l)
1 . (113)
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Comparing the relation (111) with (113), we conclude that B¯µν and A¯ραβ
inherit some decompositions similar to (112)
B¯µν =
∑
l>0
B¯µν(l−1), A¯
ραβ =
∑
l>0
A¯ραβ(l−1). (114)
Inserting (114) in (111) and comparing the resulting expression with (113)
we deduce that
λ
(l)
1 = −
1
2l
(
B¯µν(l−1)∂[µψν] + A¯
ραβ
(l−1)∂[ρhα]β
)
+ ∂µs¯
µ
(l). (115)
Replacing (115) in (112), we find that
λ1 = −
1
2
(
Bµν∂[µψν] + A
ραβ∂[ρhα]β
)
+ ∂µz
µ, (116)
where
Bµν =
∑
l>0
1
l
B¯µν(l−1), A
ραβ =
∑
l>0
1
l
A¯ραβ(l−1). (117)
Using (116) we obtain that
γλ1 = −
1
2
{
C¯∂λ
(
∂LBµν
∂ψ¯λ
∂[µψν] −
∂LAµνρ
∂ψ¯λ
∂[µhν]ρ
)
+2
(
∂Bµν
∂hαβ
∂[µψν] +
∂Aµνρ
∂hαβ
∂[µhν]ρ
)
σαβξ
−2
[
∂α
(
∂Bµν
∂hαβ
∂[µψν] +
∂Aµνρ
∂hαβ
∂[µhν]ρ
)]
ηβ
−
(
∂βA
ραβ
)
∂[ρηα]
}
+ ∂µt
µ. (118)
Comparing (118) with (100) and taking into account the fact that C¯, ξ, ηβ
and ∂[ρηα] are independent elements of pure ghost number equal to one of
the basis in the space of polynomials in the ghosts, we find that the tensors
Bµν and Aραβ are restricted to fulfill the conditions:
∂λ
(
∂LBµν
∂ψ¯λ
∂[µψν] −
∂LAµνρ
∂ψ¯λ
∂[µhν]ρ
)
= 0, (119)
(
∂Bµν
∂hαβ
∂[µψν] +
∂Aµνρ
∂hαβ
∂[µhν]ρ
)
σαβ = 0, (120)
∂α
(
∂Bµν
∂hαβ
∂[µψν] +
∂Aµνρ
∂hαβ
∂[µhν]ρ
)
= 0, (121)
∂βA
ραβ = 0. (122)
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Since Aραβ are nonderivative functions, from the last condition we deduce
that they are constant. By covariance arguments they must vanish
Aραβ = 0. (123)
Inserting (123) in (119)–(121) we arrive at
∂λ
(
∂LBµν
∂ψ¯λ
∂[µψν]
)
= 0, (124)
σαβ
∂Bµν
∂hαβ
∂[µψν] = 0, (125)
∂α
(
∂Bµν
∂hαβ
∂[µψν]
)
= 0. (126)
The equation (124) implies that
∂LBµν
∂ψ¯λ
∂[µψν] = ∂µS
µλ, Sµλ = −Sλµ, (127)
for some spinor-tensor Sµλ. By direct computation we find
∂LBµν
∂ψ¯λ
∂[µψν] = ∂µ
(
∂LBµν
∂ψ¯λ
ψν −
∂LBλν
∂ψ¯µ
ψν
)
+∂µ
(
∂LBµν
∂ψ¯λ
ψν +
∂LBλν
∂ψ¯µ
ψν
)
−2
(
∂µ
∂LBµν
∂ψ¯λ
)
ψν . (128)
Comparing (127) with (128) we infer that the last two terms in the right-hand
side of (128) must vanish
∂µ
(
∂LBµν
∂ψ¯λ
)
= 0, (129)
∂µ
(
∂LBµν
∂ψ¯λ
ψν +
∂LBλν
∂ψ¯µ
ψν
)
= 0. (130)
As Bµν contains no derivatives, the equation (129) gives
∂LBµν
∂ψ¯λ
= Cλµν , Cλµν = −Cλνµ, (131)
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for some constant matrices Cλµν . Substituting (131) into (130), we obtain
the equation ∂µ
((
Cλµν + Cµλν
)
ψν
)
= 0, which further implies
Cλµν = −Cµλν , (132)
so the objects Cλµν are completely antisymmetric in their Lorentz indices.
In consequence, from (131) we get
Bµν = ψ¯λC
λµν . (133)
From (133) we find that ∂Bµν/∂hαβ = 0, so the solution (133) verifies also the
equations (125) and (126). In the meantime, the general form of the constant
matrices Cλµν reads as Cλµν = kγ[λγµγν], with k an arbitrary numerical
constant, such that
Bµν = kψ¯λγ
[λγµγν]. (134)
Introducing the solutions (123) and (134) in (116), it follows that
λ1 ∝ ψ¯λγ
[λγµγν]∂[µψν]. (135)
We are now left with investigating the solutions to the equations (101).
Taking into account the hypothesis on the preservation of the number of
derivatives on each field, we obtain that
λ2 = λ2 (ψ, h, ∂h, ∂h) , (136)
λ3 = λ3 (ψ, h, ∂h, ∂h, ∂h) , (137)
λ4 = λ4 (ψ, h, ∂h, ∂h, ∂h, ∂h) , (138)
which signifies that for the values k = 2, 3, 4 the functions λk depends only
on the undifferentiated Rarita-Schwinger field, on the undifferentiated Weyl
field, and also on k spacetime derivatives of order one of the Weyl field. If
we make the notations
A˜αβk =
δλk
δhαβ
, B˜µk =
∂Rλk
∂ψµ
, k = 2, 3, 4, (139)
on behalf of the formulas (136)–(138) we deduce that
B˜µ2 = B˜
µ
2 (ψ, h, ∂h, ∂h) , (140)
B˜µ3 = B˜
µ
3 (ψ, h, ∂h, ∂h, ∂h) , (141)
B˜µ4 = B˜
µ
4 (ψ, h, ∂h, ∂h, ∂h, ∂h) . (142)
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By means of the definitions (20), we infer that the equations (101) are satis-
fied if the Euler-Lagrange derivatives A˜αβk and B˜
µ
k are subject to the equations
∂µB˜
µ
k = 0, (143)
∂αA˜
αβ
k = 0, A˜
αβ
k σαβ = 0. (144)
The solutions to the equations (143) are given by
B˜µk = ∂νB˜
νµ
k , B˜
νµ
k = −B˜
µν
k , (145)
while the solutions to (144) are not important in what follows and will not be
considered here. On the one hand, the relations (140)–(142) show that B˜µk do
not depend on the derivatives of the Rarita-Schwinger field, and, on the other
hand, the equations (145) imply that B˜µk do depend on these derivatives. As
a consequence, the solutions to the equations (143) are merely constant, i.e.,
B˜µk = C
µ
k . (146)
Due to the fact that B˜µk are spinor-vectors and since the present field spec-
trum does not allow the construction of constant spinor-vectors, it results
that the sole solution to the equations (143) is vanishing
B˜µk = 0. (147)
Replacing (147) in the latter relation in (139), we reach the conclusion that
the quantities (λk)k=2,4 do not depend on the Rarita-Schwinger field and, con-
sequently, they cannot describe cross-couplings between the Weyl graviton
and the Rarita-Schwinger field, as required, so we can take
λk = 0, k = 2, 3, 4.
In this manner we arrive at the final solution
a
(int)
0 = a
′(int)
0 + a
′′(int)
0 = λ1 ∝ ψ¯λγ
[λγµγν]∂[µψν] (148)
to the equation (94).The above a
(int)
0 does not describe cross-couplings be-
tween the Weyl graviton and the Rarita-Schwinger field. Moreover, it neither
produces self-interactions of the Rarita-Schwinger field since it is proportional
with the free Lagrangian of this theory, and, accordingly, it must be discarded
from the first-order deformation. Thus, there is no nontrivial possibility to
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couple the Weyl graviton to the massless Rarita-Schwinger field by means of a
first-order deformation that reduces to its antighost number zero component
under the working hypotheses invoked in this paper. Thus, the conclusion of
this section is that the first-order deformation vanishes
S1 = 0, (149)
so the solutions to the higher-order deformation equations, (28)–(29), etc.,
also vanish
S2 = S3 = · · · = 0. (150)
5 Conclusion
In this paper we have investigated the cross-couplings that can be introduced
between the Weyl graviton and the massless Rarita-Schwinger field from
the BRST formalism point of view. Thus, under the general conditions of
locality, smoothness, (background) Lorentz invariance, Poincare´ invariance
and preservation of the number of derivatives with respect to each field (the
last hypothesis was made only in antighost number zero), we have proved
that there are no such cross-couplings. The only deformations that can be
introduced in relation with the free model under study are represented by
the self-interactions of Weyl gravity, since there are no consistent, nontrivial
self-interactions of the massless Rarita-Schwinger field (see, for instance, the
consistency arguments invoked in [26]).
Acknowledgments
Three of the authors (C.B., E.M.C., and S.C.S.) are partially supported by
the European Commission FP6 program MRTN-CT-2004-005104 and by the
type A grant 305/2004 with the Romanian National Council for Academic
Scientific Research (CNCSIS) and the Romanian Ministry of Education and
Research (MEC). One of the authors (A.C.L.) was supported by the World
Federation of Scientists (WFS).
References
[1] C. Becchi, A. Rouet, R. Stora, Commun. Math. Phys. 42 (1975) 127.
24
[2] I. V. Tyutin, preprint LEBEDEV-75-39, unpublished.
[3] I. A. Batalin, G. A. Vilkovisky, Phys. Lett. B102 (1981) 27.
[4] I. A. Batalin, G. A. Vilkovisky, Phys. Rev. D28 (1983) 2567.
[5] I. A. Batalin, G. A. Vilkovisky, J. Math. Phys. 26 (1985) 172.
[6] M. Henneaux, Nucl. Phys. B (Proc. Suppl.) 18A (1990) 47.
[7] M. Henneaux, C. Teitelboim, Quantization of Gauge Systems (Princeton
Univ. Press, Princeton 1992).
[8] B. Voronov, I. V. Tyutin, Theor. Math. Phys. 50 (1982) 218.
[9] B. Voronov, I. V. Tyutin, Theor. Math. Phys. 52 (1982) 628.
[10] J. Gomis, S. Weinberg, Nucl. Phys. B469 (1996) 473, hep-th/9510087.
[11] S. Weinberg, The Quantum Theory of Fields (Cambridge University
Press, Cambridge 1996).
[12] O. Piguet, S. P. Sorella, Algebraic Renormalization: Perturbative
Renormalization, Symmetries and Anomalies (Lecture Notes in Physics,
Springer Verlag, Berlin 1995) Vol. 28.
[13] P. S. Howe, V. Lindstro˝m, P. White, Phys. Lett. B246 (1990) 430.
[14] W. Troost, P. van Nieuwenhuizen, A. van Proeyen, Nucl. Phys. B333
(1990) 727.
[15] G. Barnich, M. Henneaux, Phys. Rev. Lett. 72 (1994) 1588,
hep-th/9312206.
[16] G. Barnich, Mod. Phys. Lett.A9 (1994) 665, hep-th/9310167.
[17] G. Barnich, Phys. Lett. B419 (1998) 211, hep-th/9710162.
[18] G. Barnich, M. Henneaux, Phys. Lett. B311 (1993) 123,
hep-th/9304057.
[19] E. S. Fradkin, A. A. Tseytlin, Phys. Rept. 119 (1985) 233.
25
[20] V. Balasubramanian, E. Gimon, D. Minic, J. Rahmfeld, Phys. Rev.D63
(2001) 104009, hep-th/0007211.
[21] E. Cremmer, S. Ferrara, L. Girardello, A. van Proeyen, Phys. Lett.
B116 (1982) 231.
[22] E. Cremmer, S. Ferrara, L. Girardello, A. van Proeyen, Nucl. Phys.
B212 (1983) 413.
[23] S. Deser, J. H. Kay, K. S. Stelle, Phys. Rev. D16 (1977) 2448.
[24] S. Deser, A. Waldron, Phys. Lett. B501 (2001) 134, hep-th/0012014.
[25] N. Boulanger, M. Henneaux, Annalen Phys. 10 (2001) 935,
hep-th/0106065.
[26] N. Boulanger, M. Esole, Class. Quantum Grav. 19 (2002) 2107,
gr-qc/0110072.
[27] W. Rarita, J. Schwinger, Phys. Rev. D60 (1941) 61.
[28] G. Barnich, F. Brandt, M. Henneaux, Commun. Math. Phys. 174 (1995)
93, hep-th/9405194.
[29] N. Boulanger, T. Damour, L. Gualtieri, M. Henneaux, Nucl. Phys. B597
(2001) 127, hep-th/0007220.
[30] X. Bekaert, N. Boulanger, M. Henneaux, Phys. Rev.D67 (2003) 044010,
hep-th/0210278.
[31] C. Bizdadea, C. C. Ciobirca, E. M. Cioroianu, S. O. Saliu, S. C. Sararu,
Eur. Phys. J. C36 (2004) 253, hep-th/0306154.
[32] G. Barnich, F. Brandt, M. Henneaux, Commun. Math. Phys. 174 (1995)
57, hep-th/9405109.
[33] G. Barnich, F. Brandt, M. Henneaux, Phys. Rept. 338 (2000) 439,
hep-th/0002245.
[34] M. Henneaux, Commun. Math. Phys. 140 (1991) 1.
[35] C. Bizdadea, C. C. Ciobirca, E. M. Cioroianu, I. Negru, S. O. Saliu, S.
C. Sararu, JHEP 0310 (2003) 019.
26
